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Abstract: [Objective] To explore the effects of water and nitrogen management on soil nitrogen metabolism
enzyme activity and wheat nitrogen utilization under irrigation based on soil moisture. [ Methods] The
experiment adopted a two-factor split zone design, and the main plot was three irrigation levels, i. e. the
relative water content of the 0~40 cm soil layer at jointing and anthesis stages of wheat was supplemented to

65% (W1), 75% (W2) and 85% (W3). The subplot was four nitrogen application rates, i. e. pure nitrogen
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0 (N0O), 150 (N1), 180 (N2) and 210 (N3) kg/hm’. Soil nitrogen metabolism enzyme activity, nitrogen
accumulation and translocation, nitrogen nutrition index (NNI), residual amount of nitrate-nitrogen, grain
yield, water-and nitrogen-use efficiencies were measured and analyzed in two wheat growing seasons from
2022 to 2024. [Results] 1) Supplementing irrigation to 75% and applying 180 kg/hm? nitrogen ( W2N2
treatment) could significantly improve the activities of soil urease and protease, reduce the activity of soil
nitrate reductase, facilitated the transformation of soil nitrogen into crop absorbable forms. According to the
results of variance analysis, the effects of irrigation level, nitrogen application rate and their interaction on
soil nitrogen metabolism enzyme activity reached a very significant level (p<C0.01). In addition, W2N2
treatment significantly reduced the residual amount of nitrate-nitrogen in the 60—120 cm soil layer, and
reduced the risk of soil nitrogen leaching. 2) Both W2N2 and W2N3 treatments could significantly increase
nitrogen accumulation in vegetative organs, nitrogen translocation and grain nitrogen accumulation, and had
the best NNI, which could meet the nitrogen requirements of wheat. The effects of irrigation level, nitrogen
application rate and their interaction on NNI, nitrogen accumulation and transport of wheat reached a
significant level (»p<C0.01). 3) The highest grain yield could be obtained by W2N2 treatment, while further
increasing water and nitrogen input had no significant effect on grain yield. Different irrigation levels and
nitrogen application rates had significant effects on grain yield, and the interaction between the two factors
reached a very significant level (»p<C0.01). The decision coefficient of irrigation level and nitrogen application
rate on grain yield was 0.313 and 0.485, respectively. 4) W2N2 treatment had high water-and nitrogen-use
efficiencies, that would be easy to cause a significant decrease under continuous improvement of irrigation
level and nitrogen application rate. The effects of irrigation level, nitrogen application rate and their
interaction on water-and nitrogen-use efficiencies of wheat reached a significant level (»<C0.01). Compared
with W2N2 treatment, the two-year average nitrogen fertilizer agronomic efficiencies of W2N3, W3N2 and
W3N3 treatment were reduced by 13.02% to 26.34 %, the nitrogen utilization rates were reduced by 9.77% to
23.64% , and the irrigation water use efficiencies were reduced by 2.88% to 38.10%. [Conclusion] The soil
relative water content of the 0~40 cm soil layer at the jointing and anthesis stages of wheat supplemented to
75% s and nitrogen applied at 180 kg/hm? can significantly improve wheat grain yield, water-and nitrogen-use
efficiencies, nitrogen accumulation, nitrogen translocation in vegetative organs and grain nitrogen
accumulation, and have the best soil nitrogen metabolism enzyme activity and NNI. It is the optimal water
and nitrogen management for wheat with high yield and high efficiency in the Huang-Huai-Hai region.
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Table 1 Soil nutrient content in the 0 ~20 cm soil layer before wheat sowing

ARy AT/ (g kg 2A/(g+kg D)

W%/ (mg » kg 1)

B/ (mg » kg™ R/ (mg « kg™ )

2022—2023 14.28 1.14 120.41 26.59 117.27
20232024 14.21 1.12 118.25 28.93 119.49
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0 Table 2 Nitrogen application rate and irrigation amount of
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Fig.1 Monthly variations of precipitation and temperature in

wheat growing season
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No 0 41.95 81.79
N1 150 40.80 79.15
W1
N2 180 44.56 81.29
N3 210 48.22 84.64
NO 0 70.11 104.62
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Fig.2 Soil nitrogen metabolism enzyme activity in the 0~20 cm soil layer at wheat anthesis stage under different treatments
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Table 3 Nitrogen accumulation and translocation of wheat plant and its contribution rate to grain under different treatments

BREFAZEMER/ (kg hm D ) BERGEAR
T R - FRARBER i) Bz
FEIE A (kg » hm %) - R
(kg * hm™) TUERR /%6

NO 128.534+0.56¢g 48.0940.66f 117.2240.81h 80.44+0.29f 68.6240.62f

W1 N1 183.90+1.15¢ 52.37£0.46¢ 177.27+£2.34f  130.53+1.16d 73.6341.28b

N2 199.234+0.40d 55.08+0.54d 194.414+4.27d  144.16+0.19c¢ 74.15+0.58a

N3 215.54+1.55¢ 62.93+0.74b 204.42+3.50c 152.61+1.76b 74.6540.42a

NO 138.78+0.98f 50.87+0.58¢ 125.55+1.54g 87.91+1.06e 70.0240.33ef

vonr—sozs w2 198.930.80d 58.0940.51ed  196.194:2.90d  140.84=0.39cd 71.79+1.08d

N2 229.19+3.33b 60.84=0.84c 227.16+3.71a  168.3549.53ab 74.1140.53a

N3 240.59+2.86a 67.11+0.54b 232.694+4.09a  173.4843.95a 74.35+1.10a

NO 142.25+1.87f 51.60£0.42¢ 131.2042.24¢g 90.65+1.46e 69.090.13f

W3 N1 193.094+2.51d 60.26+0.45¢ 188.4741.68e 132.83+2.52d 70.4840.72¢

N2 213.9742.83¢ 66.19=£0.53b 204.02£2.41c  147.7841.34c¢ 72.43+0.31bc

N3 226.72+2.40b 70.65-+0.89a 215.98+1.63b  156.0642.56b 72.26£0.83c

NO 130.84+1.02h 49.8341.05f 117.2540.20i 81.0140.76j 69.094-0.54d

- N1 182.93£2.48f 55.27+0.39¢ 175.81+£1.67g  127.66+2.11h 72.610.57c

N2 207.2141.65d 59.37+0.52d 196.434+2.14d  147.84-+1.62¢ 75.26+£0.13a

N3 219.41+1.54c¢ 62.79+0.38c 209.64+0.85¢ 156.624+1.26¢ 74.7140.32ab

NO 136.41+2.05¢ 50.37+0.48f 122.58+1.90h 86.04+2.29i 70.19+1.23d

vonisoze w2 N 198.69+2.34e 58.9240.61d 192.04+1.17e  139.7742.23f 72.7840.86¢

N2 231.09+2.89b 62.14-£0.95¢ 227.09-+4.83ab  168.95+2.57ab 74.39+1.17ab

N3 243.4743.23a 70.98+0.24b 232.43+3.97a  172.4942.98a 74.21+1.50a

No 139.49+1.97¢g 50.8740.57f 125.92+1.73h 88.621.96i 70.3842.32d

wy M 195.62+2.26e 63.650.61c 183.91+£2.43f  131.9741.66g 71.76+£1.36cd

N2 221.6142.11c 69.370.80b 210.49+1.23c  152.2341.98d 72.320.53¢

N3 240.08=40.96a 74.9140.57a 225.1942.44b  165.174+1.29b 73.341.04bc
W * % * % * % * % * %
N * % * % * % * % * %
W % N * % * % * % * % * %

TE R B O B AR R 22 5 7] 81 [) 2 B8 3R (] — A2 1 O [l 4k B ) 22 553 25 (p <<0.05) s W N K 7 N W il A 5 « KR p <<

0.05, % x F/R p<<0.0l;ns FREFABE., TR,
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AR BRI AKMACHB LY EES BEST
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TAERHEE RN W3 s THAbL R, KW
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AR G A A IR 2 R IE R E R, TR
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Fig.3 Nitrogen nutrition index of wheat at anthesis and maturity stages under different treatments
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Fig.4 The residual amount of soil nitrate-nitrogen in the 0~200 cm soil layer at wheat maturity stage under different treatments
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Table 4 Grain yield, water-and nitrogen-use efficiency of wheat under different treatments

. ~ FEAL = i/ AN A R0/ HUIE R %/ THEWE AR A &R/
Ay FabE mAL ‘ ‘ ,
(kg « hm %) (kg « kg (kg + kg ) (kg+hm *+m*)
NO 4 883.46+62.87¢g — — 11.64=+0.15¢
N1 7 108.34£101.09¢ 14.8340.08e 40.03£0.56e 17.42+0.22b
Wi N2 8 148.62+64.20d 18.1440.26b 42.8840.07d 18.29+0.04a
N3 8 471.59+126.61c 17.09£0.13¢ 41.5240.47de 17.57£0.23ab
NO 5425.36£73.011 — — 7.74+0.11f
N1 7 853.64+115.17d 16.1940.18d 47.0940.73c 11.49+0.16¢
2022—2023 W2
N2 9 103.53+128.02a 20.4340.29a 56.4540.29a 12.67£0.01b
N3 9 276.31+t14.84a 18.3440.09b 51.0240.73b 12.12£0.14b
NO 5643.17£56.571 — — 5.91£0.01g
N1 7 896.41+60.26d 15.0240.17e 38.18+0.58f 8.24+0.04e
w3 N2 8 903.58+133.07b 18.11+£0.25b 40.46+0.66e 8.8610.04d
N3 9 017.26+130.45ab 16.0740.21d 40.3740.51e 8.63+0.06d
NO 5047.18+£71.43¢g — — 6.17+0.04f
N1 7 619.21+£84.68e 17.15£0.12¢ 39.0440.28e 9.63+£0.10b
Wi N2 8 479.894115.92d 19.07£0.09b 43.99+0.49d 10.430.05a
N3 8 775.69+79.74c 17.75+£0.17¢ 44,004£0.35d 10.37+0.14a
NO 5 669.03+45.35f 5.427+0.06g
N1 8 721.80+48.34c 20.3540.26b 46.3140.61c 8.43+0.08d
20232024 w2 N2 9 728.84+133.00a 22.55+0.34a 58.06£0.75a 9.15£0.11c¢
N3 9 804.48+113.93a 19.6940.20b 52.3140.34b 9.09£0.13c¢
NO 5 792.40+£71.94f — — 4.44=+0.06h
N1 8 179.49+49.40d 15.9140.21d 38.6640.60e 6.34+0.07f
w3 N2 9 304.29+£80.51b 19.5140.27b 46.98+0.53c 7.03£0.10e
N3 9 560.85+107.90ab 17.9540.08¢ 47.2740.28¢c 7.17£0.10e
W % % * % % % % %
N x % % % % % % %
W% N * % % % % % * %
x5 ARKREEEANESTN x6 XKAERFENNTFENERRESRERY

Table 5 Comprehensive evaluation of different water and nitrogen Table 6 Path coefficients and decision coefficients of water and

management modes nitrogen factors and grain yield

o DREW  GULEW  menn gy DMk HBER  AREARM QR

© EEMD)  EHODOo) i ! . AL WY MY RE
WINI 0604 0,630 0476 p w 0.573 0.513 — 0.049 0.313
WIN? 0.472 0,644 0.577 s N 0.687 0.638 0.061 - 0.485
WIN3 0.490 0.608 0.554 4 VLY WARL
W2N1 0.526 0.554 0.513 5 A 5E 2 B 5 A 39 SUAR I A G i 16 M 28 2 Bk B
wenro oo 708 o100t R ok 4 39 50 8 (L R B 3 180 e/
W2N3 0.518 0.731 0.585 2 burnn? 2 45 16 i 220N SF - S 0 1 R B 1 WO M TG I
W3N1 0.812 0.417 0.339 9 RN TH R R :
W3N2 0.623 0.448 0.418 7 PETHEA . JR R AT RE 2, o i KRR R £ 58 pHL, i
W3N3 0.701 0.469 0.401 8 T 410 A = S i 0 % (8 AR AL AT 75 i — 25 #R 5T
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